Objectives To establish the proportion of mild traumatic brain injury (mTBI) diagnosis among people presenting to an emergency department (ED), to determine the accuracy of recorded ED diagnoses. We also aimed to describe challenges in mTBI case identification and its acute hospital management. Design and setting A retrospective chart review of all ED attendances to a major trauma hospital, over a 9-month period (June 2015-February 2016). Participants Adults aged 18-65 years consecutively presenting to an ED. Primary outcome measures Proportion of mTBI diagnosis among ED attendances (ie, confirmed mTBI based on the WHO criteria or indeterminate mTBI based on secondary criteria), and proportion of accurately recorded mTBI diagnosis by ED clinicians (ie, 'mTBI', 'concussion'). results Of 30 479 ED attendances, 351 (1.15%) confirmed mTBI diagnosis and 180 (0.6%) indeterminate diagnosis were identified. Only 81 (23.1%) individuals with a confirmed mTBI had a 'mTBI diagnosis' clearly recorded in the medical notes. Of the allocated discharge diagnosis codes to the two identified cohorts, 89.8% were not indicative of mTBI. Intracranial injuries were found in 31 (8.5%) confirmed cases. Glasgow Coma Scale scores were consistently assessed in the ED but identified only 117 (33.3%) confirmed mTBI cases. Post-traumatic amnesia (PTA) testing was able to confirm acute cognitive impairment in 113 (62.1%) of those who were tested (182, 51.3%). Conclusions mTBI is a common, but an under-recognised cause for ED attendance. Despite challenges, the use of an operational definition such as the WHO diagnostic criteria can improve accuracy in mTBI identification. Acute management may be enhanced by rapid assessment of PTA.
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IntrODuCtIOn
Mild traumatic brain injuries (mTBI) are a serious public health problem that is referred to as a 'silent epidemic'. 1 Though being the least severe of all brain injuries, identification is the most challenging, with mTBI often missed at diagnosis. 2 Major barriers to mTBI identification are the wide variability in criteria used for diagnosis and the lack of sensitive standardised measures for identifying mTBI manifestations, which are commonly subtle and rapidly resolving. 2 3 Despite these limitations, the WHO best-evidence review estimated that hospital-treated mTBI are in the range of 100-300/100 000 population. 4 Diagnosis and management of mTBI largely occur in an emergency department (ED). 5 Little information exists, however, about the accuracy of mTBI identification in emergency settings. Two studies, conducted in three Canadian EDs 6 and two EDs in the USA, 7 found that up to 50% of patients sustaining mTBI received an inaccurate ED diagnosis. Poor identification likely impacts clinical management of these patients. Given trends in increasing ED attendances for head trauma 8 9 there is a critical need for research that addresses the challenges in mTBI diagnosis.
strengths and limitations of this study ► A systematic chart review of all emergency department attendances was employed to capture any possible mild traumatic brain injury (mTBI) case. ► The use of standard diagnostic criteria to establish the occurrence of mTBI diagnosis ensures accuracy in identification and comparability across existing research. ► This study provides novel data on proportions of rapid post-traumatic amnesia (PTA) screening in NSW, Australia, where there is written recommendation around PTA screening in all emergency departments. ► Collecting data from single hospital site limits generalisability of study findings. ► Given the retrospective design, conclusions on mTBI occurrence and accuracy of designation were limited by the availability of documented clinical information, with mTBI occurrence possibly being underestimated.
Open access
Another challenge for ED clinicians is the identification of mTBI cases at major risk of complications versus those who can be safely discharged. 10 Latest research suggests that these so-called minor injuries can have long-term impacts that extend beyond the anticipated 3-month time frame of cognitive recovery for uncomplicated cases, calling for urgent improvements in the acute management of mTBI. Long-term impacts include higher healthcare usage, 11 psychosocial complications 12 13 and in vulnerable subgroups chronic cognitive symptomatology 12 14 and neural cellular alterations 15 16 not easily detectable by routine radiological examinations that may increase the risk of neurodegeneration. 17 EDs represent a crucial point where accurate identification and early management of these patients may prevent long-term personal and economic impacts.
Key steps to aid early and accurate identification and management of mTBI include enhanced consistency in diagnostic criteria and standardised assessment methods. 3 An internationally recognised operational definition was developed by the WHO Task Force, 3 4 clearly outlining the four key clinical manifestations for mTBI diagnosis. These are: (i) level of consciousness, (ii) confusion or disorientation, (iii) post-traumatic amnesia (PTA) and (iv) transient neurological abnormalities, such as CT-detected intracranial injuries, the latter defined as complicated mTBI (about 10% of cases). 18 Recommended objective measures to assess TBI 'severity' include conventional radiology to exclude structural lesions and the Glasgow Coma Scale (GCS) to monitor level of consciousness (ie, mTBI is defined as GCS scores of 13-15 out of 15 and a loss of consciousness (LOC) of ≤30 min). However, no clear guidance is given by the WHO on the clinical assessment of the other TBI diagnostic criteria. 4 This particularly applies to PTA, which is recognised as the best prognostic indicator of mTBI outcomes. 19 20 PTA is a complex clinical concept reflecting an acute transient cognitive dysfunction 21 that presents not only as amnesia but more broadly as a period of inability to store new information, confusion, disorientation or behavioural changes. 3 21 While standardised testing exists to assess the resolution of acute cognitive dysfunction (ie, PTA) these are rarely used in the acute management of mTBI patients because many protocols are too lengthy to be administered in ED settings. 21 In NSW, Australia, the Abbreviated Westmead PTA Scale (A-WPTAS) 21 was specifically designed for ED use and recommended statewide (NSW Ministry of Health, Initial management of closed head injury in adults, 2011) as a brief validated measure of PTA to improve identification of traumatic brain injury events among closed head injury patients with a GCS of 13-15 (NSW Ministry of Health, Initial management of closed head injury in adults, 2011). This measure includes five GCS orientation items plus a memory test of recall of three picture cards learnt on the first trial. The test is repeated hourly for up to 4 hours until optimal scores of 18 out of 18 are obtained (ie, 15 on the GCS, plus 3 on the memory test), indicating a resolution of PTA, if present. Though the A-WPTAS has been shown to assist with a safer discharge of people with mTBI, by identifying cases with a GCS of 15/15 who remain acutely cognitively impaired, 20 and reducing hospitalisation and direct costs, 22 its implementation to date appears inconsistent. Unpublished Australian data showed that rates of PTA screening in ED range from 0% to 31%, 10 while findings from a recent randomised controlled trial showed lower rates (ie, below 13%). 23 This highlights the need for further studies to investigate the extent and possible benefit of A-WPTAS implementation in emergency settings.
Given the current challenges in mTBI diagnosis and limitations of existing epidemiological research, this study primarily aimed to establish: (i) the occurrence of mTBI diagnosis among ED attendances (ie, meeting standard diagnostic criteria), and the proportion of these that received a clearly recorded mTBI diagnosis (ie, based on clinical notes and/or diagnosis codes). A secondary aim was to describe challenges in acute identification and management of mTBI such as the implementation of a validated measure for PTA screening in ED.
MethODs
This is a retrospective cohort study, employing chart review and standard WHO diagnostic criteria to define occurrence of mTBI among adults aged 18-65 years with ED attendances of a major trauma hospital in Sydney, Australia, over a 9-month period (from June 2015 to February 2016). Two independent chart auditors systematically screened all ED attendances within the study period and reviewed all recorded information in ambulance reports, ED and medical notes, to determine whether mTBI occurred. Details of the study method are available. 24 The main outcomes were: (i) proportions of identified mTBI diagnosis, meeting WHO diagnostic criteria, among total ED attendances within 24 hours post-injury, meeting study age-range and time frame, and (ii) proportions of accurately recorded mTBI diagnoses by ED clinicians based on positive mTBI-related definition documented in the medical record. A confirmed mTBI diagnosis was ascertained based on the presence of any of the four mTBI manifestations (ie, level of consciousness, confusion/disorientation, PTA, transient neurological abnormalities), as expressed by the corresponding WHO criteria (table 1 and online supplementary table 1) 4 21 : (i) a GCS of 13-15 30 min after injury or on later presentation to healthcare; and/or LOC of ≤30 min; (ii) confusion/disorientation, (iii) PTA<24 hours and/or (iv) CT-detected intracranial injuries not requiring neurosurgery, respectively.
Despite the uniqueness of this study in using a validated measure for PTA screening in ED, initial chart review indicated PTA testing was not consistently administered. Further, optimal scores obtained during ED stay would still not be able to identify cases whose PTA resolved early post-injury 2 (ie, optimal scores meaning that PTA, if present, had resolved). These cases could, instead, be identified by any evidence of PTA manifestations (ie, any gap in memory, period of confusion/disorientation, behavioural changes) documented by ambulance and emergency staff in their clinical observations. Therefore, to ascertain the presence of PTA as criterion for mTBI occurrence, a summary PTA-related mTBI designation (online supplementary table 2) was developed by crosschecking any PTA-related neurological and behavioural disturbances documented in medical records, from the time of injury to hospital discharge. A positive PTA designation was defined by any of the following source: acute cognitive impairment on A-WPTAS testing, observed behavioural change suggestive of PTA (eg, repetitive questioning, combative behaviour), as well as any observed/ self-reported gap in memory, or confusion/disorientation thereby fulfilling two of the WHO criteria. 3 21 In the absence of any documented WHO criterion, indeterminate evidence of mTBI 25 was defined based on the presence of any secondary criteria 20 : (i) optimal scores (ie, 18/18) on the second trial of the A-WPTAS indicating that PTA, if present, had resolved, (ii) symptoms that may correspond to 'post-concussion symptoms' but which are not specific to mTBI, 24 (iii) transient neurological abnormalities (excluding intracranial injuries not requiring surgery), which are not common findings or clinical features of mTBI 2 3 and are not recommended as standalone mTBI criteria, 2 or (iv) queried LOC/amnesia.
The accuracy of the diagnosis given by ED clinicians to the identified individuals with mTBI diagnosis was assessed by the presence of any recorded 'mTBI', 'concussion', 'post-concussion symptoms/syndrome' diagnoses in medical notes. 26 In addition, allocation of relevant mTBI-related discharge diagnosis codes (SNOWMED codes) was also explored, to inform how much routinely collected administrative data could be useful for brain injury diagnostic purpose.
Patient and public involvement
Patients or the public were not involved in the design, or conduct, or reporting, or dissemination of our research.
results

Identified cases with mtbI diagnosis
During the study period, 30 479 adults aged 18-65 years attended the ED and were screened (figure 1). Of the 587 mTBI-related ED presentations initially identified, 56 cases were excluded due to: (n=27) self-discharge or unclear evidence of mTBI, (n=8) confounding factors (eg, intubation, psychosis, medical comorbidities) or possible moderate TBI (eg, LOC/amnesia of unclear duration). Also excluded were 21 (3.9%) individuals who represented for the same mTBI event. Among total ED attendances, 351 (1.15%) confirmed mTBI diagnoses and an additional 180 (0.6%) cases with insufficient/ indeterminate mTBI evidence were identified (online supplementary figure 1 ). Of these, two people (0.4%) sustained multiple mTBI (ie, repetitive mTBI). Sociodemographic, injury-related and acute management details are illustrated in tables 1-3.
A clearly recorded mTBI diagnosis in ED records 26 was present only in 23.1% (n=81) of confirmed mTBI and 18.9% (n=34) of indeterminate cases. Similarly, among the 551 ED diagnosis codes (ie, SNOWMED codes) (table 4) allocated to the two identified cohorts, the most commonly used code descriptor was 'injury of head' (n=145, 26.3%). Only 56 of these codes (10.2%) were specifically indicative of brain injury occurrence, with 'concussion' being the most common (n=26, 46.4%). The remaining codes mostly reflected intracranial injury findings (see also online supplementary table 3, which shows the full list of ED discharge diagnosis codes). Confirmed mTBI cases that were given a clearly recorded mTBI diagnosis and/or a discharge code suggestive of mTBI were more likely to (online supplementary table 4) be a non-traffic-crash related mTBI (p<0.05), be admitted to a ward (p<0.05), have CT-detected intracranial injuries (p<0.0001), present with headaches (p<0.05) and/or concentration problems (p<0.05), and be recommended for follow-up care (p<0.01). Furthermore, those with a clearly recorded mTBI diagnosis were more likely to have been tested for PTA (p=0.0003), while those with an allocated discharge code suggestive of mTBI were more likely to have a clearly written mTBI diagnosis in their ED records as well (p=0.04).
Injury-related characteristics
Cases with a confirmed mTBI diagnosis met the following WHO criteria: initial GCS of 13-14 (ie, at the scene 30-min post-injury/at ED admission; n=117; 33.3%), LOC (ie, witnessed/self-reported; n=185; 52.7%), amnesia (ie, observed/self-reported; n=229; 65.2%), confusion/ disorientation (n=97; 27.6%) and CT-detected intracranial injuries (n=31; 8.8%). Multiple WHO criteria were present in 186 cases (53%) (table 1). Cases with an indeterminate mTBI diagnosis met the following secondary criteria in the absence of WHO criteria: optimal scores of 18/18 on the A-WPTAS (n=45; 25%), presence of postconcussion symptoms (133; 73.9%), transient neurological abnormalities (n=22; 12.2%) queried LOC (n=12; 6.7%) and/or queried amnesia (n=3; 1.7%). Multiple secondary criteria were present in 32 cases (17.8%).
Fall was the most common cause of mTBI in both confirmed (39.1%) and indeterminate (31.1%) groups, followed by motor vehicle crash (28.2%-confirmed;
24.4%-indeterminate). Alcohol or drug use in association with the injury was self-reported or clinically observed in 127 (36.2%) confirmed cases compared with only 19 (10.6 %) of indeterminate cases (p<0.001).
Acute hospital management details
Brain imaging was undertaken in 75.8% of cases with a confirmed mTBI diagnosis and 40.6% of cases with an indeterminate mTBI (p<0.001; table 3). Only 182 (51.8%) individuals with a confirmed mTBI were tested for PTA (ie, A-WPTAS or WPTAS). Of these, the majority (106; 58.4%) had a PTA duration of >1 to 12 hours, 32 (17.8%) obtained optimal scores of 18/18 (ie, did not fail A-WPTAS testing) and 37 (20.4%) had an unknown designation due to incomplete/missing documentation. Median time to the first PTA testing was 3.7 (2.3-6.1) hours post-injury for confirmed mTBI diagnosis and 2.5 (1.7-4.9) hours for indeterminate mTBI.
The summary PTA-related mTBI designation (online supplementary table 2) including any documented positive PTA-related findings (ie, neurological and behavioural disturbances) in the medical records identified a total of 260 (74.1%) confirmed mTBI cases with PTA. The majority (89.8%) were identified based on two WHO criteria of observed/self-reported amnesia (ie, any gap in memory) and/or period of confusion/disorientation, with a further nine people deemed in PTA only due to failing the A-WPTAS (n=8) or due to reported behavioural changes in medical records, (n=1) (ie, repetitive questioning). All these nine cases, except one, also met at least one of the other mTBI WHO criteria (eg, LOC, GCS=13-14, intracranial injuries). In both groups, people tested for PTA were more likely to (online supplementary table 5) be transported to ED by ambulance (p<0.01); sustain a traffic-related mTBI (p<0.001); be admitted to ED/ward (p<0.0001). Confirmed mTBI cases were more likely be tested for PTA in the presence of other mTBI signs such as LOC (p=0.005), amnesia (p<0.0001) and brain imaging (p=0.003) with positive findings (p<0.0001).
DIsCussIOn
By using the WHO operational criteria, our study reports an occurrence of confirmed mTBI diagnosis among ED total attendances of 1.2% (351/30 479). These findings correspond to the 1.1%-1.3% proportion observed in a preliminary study, which used the same criteria and methods for TBI diagnosis 20 24 therefore confirming the robustness of the proposed WHO surveillance system for acute mTBI identification. A similar proportion of mTBI cases seeking emergency care (1.9%; 670/35 096) was also reported in a prospective cohort study conducted in a large metropolitan ED in New York. 27 This study employed the alike 1993 American College of Rehabilitation Medicine criteria, 27 as operational definition, suggesting that using standard diagnostic criteria can enhance consistency in mTBI identification and comparability of study findings. Worryingly, only 23.1% (81/351) of our identified cohort with a confirmed mTBI diagnosis (ie, meeting the WHO criteria) had an accurate mTBI diagnosis documented in the medical records (ie, written diagnosis of 'concussion', 'mTBI'). The proportion of accurate diagnoses was much lower than reported in two previous prospective studies conducted in Canada 6 and the USA, 7 respectively, being ≥50%. While using a retrospective design could account for these differences, global challenges certainly exist in the acute identication of 'minor' TBI events. This study contributes by providing unique Australian data and suggests that adopting standard criteria and the assessment of PTA provide so far the best approach to improve accuracy of mTBI diagnosis.
Poor accuracy in mTBI identification in ED 3 17 could affect current estimates of 100-300/100 000 reported in a WHO review, 4 hence underestimating the 'true' incidence of hospital-treated mTBI. Surveillance systems, such as accurate administrative databases, are recommended strategies to tackle this problem. However, the use of discharge diagnosis codes, such as ICD coding, in hospital databases has previously been shown not to be sensitive in detecting mTBI. 26 27 Our results confirm this gap. Only 10.7% (59/551) of ED discharge diagnosis codes (SNOWMED codes) allocated to the identified cohorts with either a confirmed or indeterminate mTBI diagnosis were indicative of mTBI. Despite limitations in the number of diagnoses able to be recorded (ie, maximum two SNOWMED codes), there seems to be a trend for ED clinicians to better identify the more 'severe' injuries, that is, those showing positive CT findings, being admitted to a ward and receiving follow-up care recommendations. By contrast, uncomplicated mTBI appears to be overlooked, by not receiving an accurate designation in ED records or accurate coding. There was also an interchangeable use of terms like 'concussion', '(mild/minor) head injury' and 'mTBI', as also shown in previous studies 3 17 27 that suggest a poor clarity in the distinction between those having a traumatic brain injury versus simple head injuries, thus reiterating the scarce utility of administrative data in mTBI identification.
While the WHO criteria can be regarded as a reliable system for the identification of individuals who sustained a mTBI, there were challenges in its application. 2 First, it was unclear how to interpret LOC or amnesia when it was not witnessed/observed as per WHO recommendations for mTBI identification. It is likely that injured people report a LOC or amnesia interchangeably 2 ; thus, a self-reported LOC/amnesia at the time of the injury suggests a confirmed mTBI diagnosis. Conversely, when LOC/amnesia was queried by a physician this more likely suggests indeterminate evidence of mTBI.
PTA is the most important TBI prognostic indicator, yet the most challenging to evaluate because it encompasses a series of acute cognitive impairment signs and symptoms. This study is unique in its way of screening for PTA in ED by means of a validated measure. However, standard PTA testing was only available in about half of confirmed mTBI cases (51.9%), though this was considerably higher than previously reported PTA screening rates (up to 31%). 10 23 Also, optimal scores of 18/18 on the A-WTPAS were obtained in 17.8% of those who were tested. While optimal scores clearly indicate the absence of acute cognitive dysfunction at the time of assessment (ie, a person is not in PTA), these cannot exclude that PTA was present before that time, not being informative for mTBI diagnostic purpose. Therefore, this study used a summary PTA-related mTBI designation, accounting for the positive presence of any PTA-related neurological and behavioural disturbances recorded in medical records. 3 21 Using this indicator, we found 260 of the 351 cases with a confirmed mTBI diagnosis were deemed to be in PTA. Of these, the majority (89.8%) was based on the presence of observed/selfreported amnesia (ie, a gap in memory) or confusion/ disorientation (ie, meeting two of the four WHO criteria), while nine (2.6%) cases were further identified based only on evidence of acute cognitive impairment (ie, failing PTA testing; n=8) or observed behavioural changes (n=1), the latter being repetitive questioning that is typically an indirect sign of PTA. These additional cases, except one, all met at least one of the other WHO criteria (eg, LOC, GCS=13-14, intracranial injuries) for mTBI diagnosis.
Overall, these findings reiterate that the WHO criteria together constitute the most reliable surveillance system for mTBI identification and provide useful information to specifically identify cases whose PTA may have resolved by the time of ED admission. In addition, the implementation of PTA testing, providing objective estimates of acute cognitive impairment, may assist in monitoring recovery progress towards a safer discharge and enhance diagnostic accuracy of cases where mTBI indicators are unclear or unavailable. The administration of brief PTA testing (ie, the A-WTPAS) as an extension of the GCS, which is usually assessed at the scene by the ambulance staff, 21 could provide a more accurate estimate of the presence and duration of PTA, thus of mTBI occurrence.
Another challenge was the assessment of transient neurological abnormalities, other than intracranial injuries. Ruff et al suggested these abnormalities in isolation do not constitute a strong basis for mTBI diagnosis because they are not common or typical features of mTBI. 2 Thus, these were considered as indeterminate evidence of mTBI. The WHO also recommends excluding cases whose TBI manifestations can be affected due to other factors. 28 Unlike other confounders (eg, intubation, psychiatric disorder), the influence of alcohol/drug on mTBI manifestations was particularly difficult to assess due to the lack of objective blood level measurements. Overall, these cases accounted for 36.2% of confirmed mTBI, that is, in the range of previous findings (30%-60%). 29 30 These findings confirm intoxication is a major confounding affecting accurate identification of mTBI in busy ED settings, with day of injury blood alcohol level being associated with failure on PTA assessment, 20 a longer duration of LOC and decreased GCS scores. 31 Differentiation of mTBI in these individuals in the ED setting is likely to be facilitated by the potential implementation of blood-based biomarkers. 32 This study confirms that issues exist in identifying the mildest TBIs, 2 whose clinical manifestations may resolve within <15 min post-injury according to the American Academy of Neurology classification. 2 Considering the amount of missing or non-informative/optimal indicators among cases with a confirmed mTBI in this study, as also reported by previous research, 33 along with PTA measured 2-3 hours post-injury, 21 it is likely that rapid-resolving Open access LOC/amnesia were missed with a bias towards more severe mTBI. Secondary criteria were established to identify cases with indeterminate evidence of TBI. These cases constituted 0.6% of ED total attendances and, interestingly, 18.9% of these received a positive mTBI diagnosis by ED clinicians. Another study using a similar (probabilistic) approach found delayed functional recovery in the group with debatable mTBI compared with healthy and trauma controls, 25 raising concerns around the need for identifying and treating less-severe mTBI that may appear to not meet diagnostic criteria.
Intracranial injuries were found in 31 (8.8%) cases with a confirmed mTBI diagnosis. 18 Brain CT was performed in 75.8%, plus in 40% of cases with an indeterminate mTBI. 18 Clinical assessment remains the gold standard for mTBI identification, with PTA testing being the most promising measure. Among those who were tested, the A-WPTAS was able to detect acute cognitive impairment in 62.1% of cases (113/182), while the GCS was able to detect only 33.5% of cases (117/349). 20 This study further suggests that when PTA is measured it increases the likelihood of an accurate mTBI designation provided by ED clinicians. Implementation of PTA testing in ED settings should be, thus, extended to all individuals with a possible mTBI 21 to reduce the risk of missed opportunity for mTBI identification and to contribute to more accurate clinical decision making and safer discharge of patients.
study limitations
Major strengths of this study were the use of standard diagnostic criteria for the identification of mTBI and the systematic screening of any cases with a possible mTBI diagnosis among ED attendances. However, the retrospective design is limiting as we might not have captured important information on confounding factors or mTBI indicators. Similarly, the absence of documented information in medical records does not necessarily imply that standard diagnostic criteria or assessment protocols were not applied by ED clinicians. Generalisability of findings is limited by the following selection bias 30 : a working-age population, 9-month audit period and using only a single hospital site. Some of these issues will be addressed by conducting a multi-site study in the future.
COnClusIOns
The findings from this study indicate that mTBI is likely to be under-diagnosed in an emergency care setting. This study confirms the use of an operational definition, such as the WHO operational criteria as a reliable surveillance system for acute identification of mTBI, although challenges still exist in its meticulous application. Identification, prognosis and acute management of individuals with mTBI would be greatly enhanced by the implementation of standardised PTA screening (eg, A-WPTAS) early after injury. Improvements in clinical and administrative designation of these injuries require the use of these data to monitor and address long-term health and economic impacts of mTBI.
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